INTRODUCTION
Despite impressive work on the degradation of lignin by fungi [1] , little work has been done with bacteria [2] . Available information on the degradation of model compounds derived from lignin and lignin by bacteria is inadequate. Pseudomonas oualis degraded vanillic acid through p-hydroxybenzoic acid [3] . Bacillus subtilis cleaved ferulic acid to vanillin, vanillic acid and protocatechuic acid [4] . We have used Acinetobacter sp., isolated
Correspondence to: A. Mahadevan, Director, Centre for Advanced Studies in Botany, University of Madras, Guindy Campus, Madras 600 025, India. from forest soil containing decaying wood to study the degradation of p-benzyloxyphenol, which contains a-o-4 linkage. Production of dioxygenases associated with the degradation of pBP was also investigated.
MATERIALS AND METHODS
p-Benzyloxyphenol was purchased from Eastman Kodak, Rochester, U.S.A. p-Hydroxybenzoic acid, p-hydroxybenzaldehyde, protocatechuic acid and catechol were obtained from Sigma, St. Louis, U.S.A.
Culture: Acinetobacter sp. was isolated from forest soil containing decaying wood, using black liquor lignin (0.05%) as carbon source in a medium that contained (g/l) K2HPO 4, 3; H20, 2.96; KHzPO4, 0.087; NH4C1, 1.1; MgSO4.7H20, 0.097; MnSO 4 • 2H20, 0.025; FeSO 4 -7H20, 1.005; CaC1 z • 2HzO, 0.0015; L-ascorbic acid, 0.005; Distilled water 1 1, pH 7.0. The organism was identified by using standard tests [5] . Subsequently, the culture was maintained on Dye's medium [6] containing glycerol as carbon source. The Dye's medium contained (g/l) (NH4)2HPO4, 1; KHzPOa, 2; KC1, 2; MgSO 4 • 7H20, 0.2; Fe(NH4)2SO 4, 0.01, Glycerol, 2.15 ml, distilled water 1 1, pH 7.2.
The growth of the organism was studied using filter sterilized pBP aseptically amended to the medium containing (g/l) KzHPO4, 1.6; KH2PO 4, 0.5; (NH4)2SO 4, 1.25; MgSO 4 • 7H20, 0.5; NaC1, 0.25; FeCI~. 6H20 , 0.025; CaCI2, 0.01; distilled water 1 1 pH 7.0, [7] . Bacterium grown on glycerol medium (8 × 104 cells; 24 h old) was inoculated onto 20 ml of the medium and incubated at 30 ° C in static condition. Growth rate was monitored by measuring the turbidity at prefixed interval at 540 nm in a colorimeter (Spectronic 710). The viable colony count was made on nutrient agar medium.
Isolation and identification of intermediates:
The intermediates arising out of pBP degradation by Acinetobacter sp. were analysed both by paper and thin layer chromatography. For replacement culture, cells grown on pBP were aseptically harvested and suspended in sterile phosphate buffer containing pBP. Spent culture fluid and the replacement culture fluid were analysed for the degradation products by paper and thin layer chromatography [8] . The Rf values of sample spots were compared with the standards. Aldehyde was detected by spraying with 2,4-dinitro phenylhydrazine. The intermediate spots corresponding to authentic substances were cut from the unsprayed chromatogram and eluted in 10 ml methanol. It was evaporated to dryness under vacuum, aliquots of authentic substances dissolved in methanol were added to this and chromatographed.
High performance liquid chromatographic (HPLC) analysis of the samples was performed in a Beckman 340, HPLC with methanol: water (70:30 v/v) as solvent. A 20 /~1 sample was injected into ultrasphere ODS column; the flow rate was kept at 1.0 ml per minute and retention times were calculated.
Gas chromatographic (GC) analysis was done in a Hewlett-Packard A5480 GC by the method of Lundquist and Kirk [9] . The samples eluted from the unsprayed chromatogram were dissolved in diethylether and evaporated. To the residue (3 mg), 100/~1 of dioxane and 10/~1 of pyridine were added. To this 50 /~1 of N,o-bis(trimethylsilyl) acetamide (BSA) was added and allowed to stand for 3 h at 35 °C to make trimethylsilyl derivatives. The sample was injected into the GC equipped with flame ionization detector and a 200 × 0.30 cm (O.D.) stainless steel column, with 80-100 mesh, acid washed and dimethyldichlorosilane treated chromosorb-G, coated with 5% OV-1 as stationary phase. The temperatures were injector 230 ° C, detector 285 o C and column 220 ° C and the carrier gas nitrogen was kept at a flow rate of 25 ml/min.
Infra-red (IR) spectrophotometric analyses were performed in a Perkin-Elmer IR spectrophotometer; 1 mg of the sample was mixed with 100 mg of potassium bromide (spectral grade) and analysed.
Preparation of cell free extract: A cinetobacter sp.
grown on pBP was harvested at exponential phase and washed in phosphate buffer 0.025 M, pH 8.0 and suspended in the same buffer. Cells were disrupted by using French Pressure cell at 22 000 lb. in 2. To the suspension, polyvinylpolypyrrolidone (PVP) was added to remove phenolics and centrifuged at 27 000 g for 30 min at 4°C and the pellet was discarded. The supernatant solution was used as crude enzyme. Enzyme assays." Catechol 1,2-dioxygenase was assayed according to Hegeman [10] . Increase in absorbance at 260 nm and decrease at 278 nm were followed in a Beckman DU-6 spectrophotometer. The reaction mixture, 3 ml, contained 0.1 ml of substrate (#mob, 0.05 ml enzyme and 2.85 ml phosphate buffer 0.025 M, pH 8.0. Protocatechuate 3,4-dioxygenase was assayed by the method of Fujisawa and Hayaishi [11] . The decrease in absorbance at 290 nm and increase in absorbance at 258 nm were monitored.
Gentisate 1,2-dioxygenase was measured according to the method of Crawford et al. [12] following the increase in OD at 334 nm.
The reaction mixture (3 ml), received 0.05 ml substrate (0.5/xmol), 0.1 ml enzyme and 2.85 ml of phosphate buffer 0.025 M, pH 8.0. The enzyme in the control cuvette was replaced with glass distilled water.
Specific activity was expressed as/~mol of substrate disappearing/minute/milligram protein.
Protein in the extract was measured following the method of Lowry et al. [13] using bovine serum albumin as the standard.
The experiments were conducted in duplicate and repeated.
RESULTS
p-Benzyloxyphenol (pBP) a dimeric lignin model substance (1 mM) having a-o-4 type of linkage was readily utilized as sole carbon source without any lag (Fig. 1) . The exponential phase of growth for Acinetobacter sp. was reached in 48 h. The viable colony count revealed a rapid increase in cell number from 6.5 X 104 to 2 X 109 cells/ml within 48 h of incubation.
Degradation ofpBP: pBP (1 mM) was catabolized by Acinetobacter sp. The spent culture filtrate and replacement culture filtrate analysed after 24 h contained three metabolites, namely p-hydroxybenzaldehyde, p-hydroxybenzoic acid and protocatechuic acid. The culture fluid collected after 3 days contained catechol. The intermediates were identified by paper-and thin layer chromatography and further confirmed by IR, GC and HPLC.
351 Table 2 Dioxygenases involved in the degradation of p-benzyloxyphenol by Acinetobacter sp. Data of Rf values and retention times are presented in Table 1 .
The analyses for enzymes in the extracts revealed the presence of protocatechuate 3,4-dioxygenase and catechol 1,2-dioxygenase ( Table 2 ). The activity of catechol 1,2-dioxygenase was higher than protocatechuate 3,4-dioxygenase.
DISCUSSION A variety of linkages namely B-o-4, a-o-4, B-5,
5-5' and resinol types are present in lignin polymer which makes it heterogenous and resistant to microbial attack [2] . Acinetobacter sp. utilized pBP as sole carbon source without any lag. The high Table 1 Intermediates identified in the degradation of p-benzyloxyphenol [3] . However, Bacillus subtilis converted vanillic acid to protocatechuic acid [4] . Iyayi and Dart [14] reported the degradation of p-coumaryl alcohol through p-coumaric acid, p-hydroxybenzaldehyde, p-hydroxybenzoic acid and protocatechuic acid. A similar pathway of degradation of p-hydroxybenzaldehyde was followed by Acinetobacter sp. (Fig. 2) . The presence of protocatechuic acid and catechol indicated the cleavage of protocatechuic acid to fl-carboxy cis, cis-muconic acid [11] and catechol to cis, cismuconic acid [15] . The presence of both the dioxygenases clearly indicated that protocatechuic acid was converted to catechol by decarboxylation which was further ring cleaved. Clearly Acin- 
